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(57) >=*tn aluminum supportfora'planographic printing 
plate of which a surface is provided vi^ith honeycomb pits 
having an average diameter from 0.1 to 2jim formed by 
overlapping Indentations with an average! pitch from 1 to 
80 Jim. and the surface having a mean surface rough- 
ness from 0.3 to 1.5 ixm, or provided with honeycomb 
pits having an average diameter from 0.5 to 10 jim. and 
the surface having a mean surface roughness from 0.3 
to 1 .0 Jim, and a method of producing the same which 
comprises, 

(1) etching a surface of an aluminum plate chem- 
ically in an acidic or alkaline aqueous solution, (2) rough- 
ening the surface of the aluminum plate 
electrochemically in an acidic aqueous solution by apply- 

F I G . 1 



ing DC voltage to form honeycomb pits having an aver- 
age diameter from 0.5 to 10 fjim'_and to leave plateau 
portions, (3) etching the surface of the aluminum plate 
to render the plateau portions less than 10 % of the sur- 
face, (4) roughening the surface, of the aluminum plate 
electrochemically In an acidic aqueous solution using 
direct current or alternating current to form honeycomb 
pits having an average diameter from 0.1 to 2 jim, (5) 
etching the surface of the aluminum plate chemically, 
and (6) anodizing the surface of the aluminum plate in 
an acidic aqueous solution, to obtain an aluminum sup- 
port for a planographic printing plate excellent in fill-in 
reduction of ink and brush scumming reduction. 
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Description 

BACKGROUND OF THE INVENTION • - " 

This invention relates to an aluminum support for aplanographic printing plate, its production and roughening an 
aluminum support, suitable for offset printing, etc. 

In general, aluminum plates are widely used as supports for a planographic printing plate. The surface of the alu- 
minum plate is usually roughened for the purpose of the improvement in adhesiveness of a photosensitive layer provided 
thereon and the improvement in the vi^ater retention of nonimage area (the area which receives damping water used 
during printing and repels oily ink, and is carried by the area wherein the su dace of thie support is exposed) of the 
planographic pinting plate produced using the same. 

The roughening is called graining requires a great deal of skill. The graining can be divided roughly into mechanical 
methods, such as ball grainingr wire graining and blush grainingr and electrochemical methods. - 

In the case of ball graining, there are ^mariy. factors requiring skill, such as ball material, the type of abrasive and 
control of water amount during graining, and moreover, graining of plates must be conducted one by one because 
continuous graining is iriippssible. Jn^the case of wire graining, grained surface is not uniform. On the other fiand. blush 
graining brings uniformly grained surface, and continuous graining is possible. Accordingly, blush graining is suitable for 
mass productipn-.; i'^r; >. T-.H„^»; . ; ,f . -i-, , " - . ^ . . 

In any event, it is difficult to. obtain a plate baying performances sufficient for a support for a printing plate by the 
mechanical method mentioned above, 3: -o.-:^ ' ^ . 

In general, it is said that the greater surface: rougheness brings the greater water retention, and in the case of 
producing a planographic printing plate, preferred supports have indentations as uniform as possible in order to improve 
water retention and printability. Asa means for producing such a preferable surface, electrochemical roughening is noted. 
In the case of electrochemical roughening, aluminum plates having a uniformly roughened surface can be obtained by 
keeping various conditions, such as the composition and temperature of electrolytic solution; electrolytic conditions, etc. 

The electrochemical roughening can be divided roughly into methods of using alternating current and methods of 
using direct current. The meth^^^ using alternating current has a disadvantage that unevenness tends to occur in the 
direction perpendicular to the advancing direction of ari'aluminum plate according to the frequency of the alternating 
current used for roughening and traveling speed of the aluminum plate. : i_ , ' 

A means for solving the above problem is disclosed in USP 4,902,389 wherein anodes and cathodes are arranged 
alternately faced to an 'aluminum plate. DC voltage is applied between both electrodes, and an aluminum plate is passed 
with keeping a prescribed space. ' ' " ' ' : ^ 

However, accorc^ing to the roughening using direct current only, brush scumming reduction is'incompatible with fill- 
in reduction of ink at half-tone dotpor-tions upon reducing damping water, and printability applicable to high grade printing 
cannot be achieved. In the roughening disclosed in USP 4.902.389 using direct current, roughening greatly dejDends on 
an apparatus, and in order to produce a surface shape suitable for the printability of the aluminum support for various 
planographic printing plates, electrolytic conditions 

SUMfVIARY OF THE INVENTION 

An object of the invention is to provide an aluminum support for a planographic printing plate excellent in fill-in 
reduction of ink and brush scumming reduction. 

Another object of the invention is to provide a method of producing an aluminum support for a planographic printing 
plate excellent in fill-in reduction of ink and brush scumming reduction. 

Another object of the invention is to provide a method of roughening an aluminum support capable of producing a 
surface shape preferable for a suport for a printing plate. 

The above object has been achieved by an an aluminum support for a planographic printing plate of which a surface 
IS provided with honeycomb pits having an average diameter from 0.1 to 2 ^m formed by overlapping indentations with 
an average pitch from 1 to 80\xm, and the surface having a mean surface roughness from 0.3 to 1.5 ^m, an aluminum 
support for a planographic printing plate of which a surface is provided with honeycomb pits having an average diameter 
from 0.5 to 10 fim, and the surface having a mean surface roughness from 0.3 to 1.0 lim. and a method of producing 
the same. 

BRIEF DESCRIPTION OF DRAWINGFi 

Figures 1 and 2 are schematic diagrams illustrating apparatuses used for roughening by direct current in the method 
of producing an aluminum support for a planographic printing plate of the invention. 

Figure 3 is a schematic diagram illustrating apparatuses used for roughening by alternating current in the method 
of producing an aluminum support for a planographic printing plate of the invention. 
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Figures 4 through 10 are schematic diagrams illustrating roughening apparatuses for conducting the method of 
roughening an aluminum support of the invention using d-c voltage. 

Figure 1 1 is' an electron microscope photograph shovying a state of the surface after a fii1 direct current roughening 
and removal of smuts in . the method of producing an aluminum support for a planographic printing plate of the invention. 
5 Figure 12 is an electron microscope photograph showing a state of the surface after a f irt direct current roughening, 

removal of smuts and etching in the method of producing an aluminum support for a planographic printing plate of the 
invention. ' 

Figure 1 3 is an electron microscope photograph showing a state of the surface after a f irt direct current roughening, 
renioval of smuts, etching, a second alternating current roughening and etching in the method of producing an aluminum 
10 support for a planographic printing piate of the invention. 

• 1. n. 77, 78, 111, 121 l'.^ Electrolytic bath ^ 

2, '12 .:. Acidicaqueous'solution J 
*=^3/*13, 41,'5r. 61; 71; 81, 105 .:. Cathode 
^ 4, 14. 42 52, 62. 72 .a Anode 
75 ' 5, 65, 79, 130 ... DC source 

6 .ij- Partition wall ' ^ - • ' ' - 

^ 9, 18, 28 Aluminum plate ' 
25 ... AG source ' - - 

63,''64, 73, 87, 90. 91. 92. 93. 107 ... Cathode for soft starting 
20 76.^ 83,- 103 ...J Anode for soft starting : . , 

108, 131. 132, 133 ... DC source for soft starting 

DETAILED DESCRIPTION OF THE INVENTION 

25 In a first aspect of the aluminum support for a planographic printing plate of the invention, a surface is provided with 

honeycomb pits having ah average diameter from 0.1 to 2 \irr\ formed by overlapping indentations with an average pitch 
of 1 to BO^m. and the surface having a mean surface roughness from 0.3 to 1 .5 ^m. 

When the average pitch is less than Ifim, printing durability and water retention are degraded. When the average 
pitch is rriore than 80 ^m, brush* scumming-reduction Is degraded. A preferable average pitch is from 20 to 50 ^m. When 

30 the average diameter of honeycomb pits is less than 0.1 ^m. removal of ink at start of printing Is degraded. When the 
average diameter of honeycomb pits is more than 2 jim. brush scumming reduction is degraded. A preferable average 
diameter Is from 0.5 to 1 .5 jim. A preferable density of honeycomb pits Is from 1 00,000 to 1 00, 000.000 pits/mm2, more- 
preferably from 1 ,000,000 to 80,000.000 pits/mm2, most preferably from 25,000,000 to 80.000,000 pits/mm^. .When the 
mean surface rougheness Is less than O.Sjim, ink is liable to cling to half-tone dot portions upon reducing damping water, 

35 when the mean surface roughness is more than 1.5 fim, brush scumming reduction is degraded. A preferable mean 
surface roughness is from 0.4 to 1.0 Jim. ■ - ' - • ^ 

In a second aspect of the aluminum support for a planographic printing plate of the invention, a surface is provided 
with honeycomb pits having an average diameter from 0.5 to 1 0 \xm, and the surface having a mean surface roughness 
of 0.3 to I .O jim. ~ ^ ' 

40 When the average diameter of honeycomb pits is less than 0.5 ^m, printing durability degrades. When the average 
diameter of honeycomb pits Is from more than 10 \in\, brush scumming reduction Is degraded. A preferable average 
diameter of honeycomb pits is 2 to 7 fim. When the mean surface roughness is less than 0.3 \xm, ink is liable to cling to 
half-tone dot portions upon reducing damping water. When the mean surface roughness is more than 1 .0 \xrr\, brush 
scumming reduction is degraded. 

<5 A first aspect of the method of producing an aluminum support for a planographic printing plate of the ivnention 
(Production I) comprises. 

(1) etching a surface of an aluminum plate chemically in an acidic or alkaline aqueous solution (first chemical etch- 
ing), 

£0 (2) roughening the surface of the aluminum plate electrochemically in an acidic aqueous solution by applying DC 

voltage to form honeycomb pits having an average diameter from 0.5 to 1 0 |im with a density from 10.000 to 1 00.000 
plts/mm2 and to leave plateau portions without honeycomb pits or with honey comb pits having an average diameter 
of less than 0.5 \xm at a rate from 15 to 60 % of the surface (first direct current roughening). 

(3) etching the surface of the aluminum plate chemically In an acidic or alkaline aqueous solution to render the 
£5 plateau portions less than 10 % of the surface (second chemical etching). 

(4) roughening the surface of the aluminum plate electrochemically In an acidic aqueous solution using direct current 
or alternating current to form honeycomb pits having an average diameter from 0.1 to 2 \x^^ (second direct current 
(or alternating current) roughening). 
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(5) etching the surface of the aluminum plate chemically in an acidic or alkaline aqueous solution (third chemical 
etching), and -; . 

(6) anodizing or anodizing and rendering hydrophilic the surface of the alurninum plate In an acidic aqueous solution. 

5 The first chemical etching is conducted as a pretreatment of the first direct current joughening for the purpose of 

removing rolling oil, smuts, naturally formed oxide layer, etc. As the acid used for the acidic aqueous solution,, there are 
fluoric acid, f luorozirconic acid, phosphoric acid, sulfuric acid, hydrochloric acid, nitric acid, etc.. and mixtures thereof, 
as disclosed in Japanese Patent KOKAI 57-1 691 8; As the alkali used for the alkaline aqueous solution, there are sodium 
hydroxide, potassium hydroxide, trisodium phosphate, sodium aluminate, sodium silicate., sodium carbonate, etc.,. and 

10 mixtures thereof, as disclosed in Japanese Patent KOKAI 57-1691 8. A suitable acid concentration of the acidic aqueous 
solution is from 0. 5 to 25 wt. %. preferably from 1 to 5 wt. %. The aluminum content dissolved in the acidic aqueous 
solution is from preferably 0.5 to 5 wt. %. A suitable alkali concentration of the alkaline^aquepus solution is from 5 to 30 
wt. %, preferably from 20 to 30 wt. %. The aluminum content dissolved in the.alkaline aqueous solution is preferably 
from 0.5 to 30 wt.%. A suitable etching amount is from 1 to 10 g/m2, preferably from 1.5'tp 5 g/n-f. ; ^ 

15 The chemical etching may be conbined with a mechanical roughening, an electrochemical roughening in an aque- 
ous, solution containing nitric acid as a principal component by using alternating current, an electrochemical roughening 
in an aqueous solution containing hydrochloric acid as a principal component, an electrochemical roughening in a neutral 
salt aqueous solution or an electrochemical etching in a neutral salt aqueous solution, etc. : ^ . : . 

The first direct current roughening is conducted by putting the acidic aqueous solution in an electrolytic bath, arrang- 

20 Ing anodes and cathodes alternatingly In the acidic aqueous solution, applying DC voltage, and passing the aluminum 
plate with keeping a prescribed distance from the anodes and the cathodes, .cj? & s ■ ;ot 00 \ " ^ . : V ' .'r^i - 

The acidic aqueous solution may be usual ones for electrochemical roughening using alternating current, and 
includes aqueous solutions containig hydrochloric acid or nitric acid as a principal component. Agueous solutions con-, 
taining nitric acid as a principal component are preferred. Various nitric acid compounds containing nitrate ion. such as 

25 aluminum nitrate, sodium nitrate or ammonium nitrate can be used for the aqueous solution containing nitric acid as a 
principal component. . It Is preferable to. add at least one aluminum salt or ammonium salt In an amount from ,1 to 150 
g/1. Ammonium Ions naturally increase during electrolyzing In a nitric acid aqueous solution.. Moreover,- various metals 
contained in aluminum alloys, such as iron, copper,, manganese, nickel. titanium, magnesium, silicon, may be dissolved 
in the acidic aqueous solution. Ammonium Ions, nitrate. Ions, etc. may also be added. A suitable acid concentration of 

3D the acidic aqueous solution is 1 g/1 to saturation, preferably from 5 to 1 00 g/l. When the acid. concentration Is less than 
1 g/1, electrical conductivity Is inferiors© elevate electroIytic.voltage.^When the acid concentration is too high.. corrosion 
of apparatuses is a problem; A suitable temperature of acidic aqueous solution is from 30 to 55 **C, preferably from 40 
to 50 **C: When the temperature is lower than 30 **C electrical conductivity isjnferior to elevate electrolytic voltage.. When 
the temperature Is higher than 55 ^C, corrosion of apparatuses Is' a problem. . • • <. ^ , 

35 In the first direct current roughening, anodes and cathods are composed of one menriber or an aasembly of. plural 
electrode pieces. The assembled electrode is preferable because of easy making, inexpensiveness and uniform electric 
current distribution. In the case of the assembled electrode, a plurality of electrode pieces are arranged In parallel at 
prescribed intervals, arranged in parallel intervening instating materials 1 to 5 mm In thickness. The; shape of the electrode 
piece Is not limited, and may be a column, a prism, a plate or the like. Preferable Instating materials have both of electrical 

40 insulating ability and chemical resistance; such as vinyl chloride resins, rubbers, fluoro resins such as polytetraf luor- 
oethylene, FRP, etc. It is. preferable to arrange at least three couples of an anode and a cathode alternately, and to 
arrange 3 to 15 couples is particularly preferred. A preferable length L(m) of the anode row (or cathode row), is 0.05 to 
3 V(m) wherein V is the traveling distance (m) per one second of the aluminum plate to be roughened. 

The anode may be an electrode wherein a bulve metal, such as titanium, tantalium and niobium Is plated or cladded 

45 with a platinum group metal such as platinum, a ferrlte electrode or the like. The ferrite electrode Is difficult to be formed 
Into a long electrode, and accordingly. It is made by assembling two or more electrodes contacted by each other or by 
superimposing the electrodes. Since the connected portions causes uneven roughening, It is preferable to arrange the 
electrodes staggering in the advancing direction of the aluminum plate. . 

The cathode may be made of platinum, stainless steel, carbon, titanium, tantalium, niobium, zirconium, hafnium, 

50 alloys thereof, etc. In the case of using titanium, rt Is preferable to coat the surface by a platinum group metal and then 
to heat treat between 400 °C and 1 ,000 ^'C for 30 to 60 minutes. 

The direct current voltage called in this specification includes not only continuous direct current voltage but also 
commercial alternating current rectified by diode, transistor, thyristor, GTO or the like, rectangular pulse direct current, 
and Is an electric voltage wherein polarity is not changed which meets general definition of direct current, and continuous 

55 direct current having a ripple factor of 1 0 % or less is preferred. 

A preferable current density from 20 to 200 A/dm2, and 50 to 1 20 A/dm2 is more preferable. A preferable quantiy of 
electricity charged on the aluminum plate in the first direct current roughening is from 200 to 1 ,000 C/dm2, particularly 
preferably from 250 to 600 C/dm2. 
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The second chemical etching is conducted for the purpose of dissolving edges of honeycomb pits formed in the first 
direct current roughening and of removing the plateau portions not forming honeycomb pits or forming only honeycomb 
pits having an average diameter of less than 0.5 ^m and of removing smut components mainly composed of aluminum 
hydroxide. If smut components remain, the subsequent second direct current (or alternating current) roughening 

5 becomes uneven. If the plateau portions remain at more than 10 % of the surface, the printing plate made of the aluminum 
support is interior in brush scumming reduction and scumming reduction. The area of the plateau portions is not more 
than 10 %, and preferably not more than 5 %. Accordingly, the remaining plateau portions are rendered not more than 
1 0 %. preferably not more than 5 % in this process. The acidic aqueous solution and alkaline aqueous solution used in 
this process may be those as mentioned in the process of the first chemical etching. A suitable etching amount is from 

10 0.1 to^20 g/m2. preferably from 3 to 15 g/m2., Suitable conditions for etching from 0.1 to. 20 g/m2 of aluminum plate are, 
using from 0.05 to 40 % acidic or alkaline aqueous solution, and etching between 40 and 100 °C of the solution tem- 
perature, from 2 to 300 seconds.Mn the case of etching using an alkaline.aqueous solution. insoluble matters, i.e. smuts, 
areiormed on the suiiace of the aluminum plate, it is preferable to wash the surface with a solution of phosphoric acid, 
sulfuric acid, nitric acid, chromic acid or a mixture thereoMn the case of using an acidic aqueous solution, the above 

75 washing can be -omitted because of rare formation of smuts. " ' 

' In the second direct current or alternating current roughening, honeycomb pits having an average diamete from 0. 
1 to 0.4 \xm or from 0.5 to 2 ^rri are overlapped, and scumming reduction and printing durability are improved. . 

In the case of forming^honeycomb pits having an average diameter from 0.1 to 0.4 ^im in the second direct current 
or alternating current roughening, the aluminum plate is roughened eiectrochemically in an aqueous solution containing 

20 nitric acid 'as a principal component usihg direct current" (direct currerit roughening), or roughened eiectrochemically in 
an aqueous solution contairiing hydrochloric acid as a principal component using alternating current (alternating current 
roughening). '"^ ' ' " ' • • ^ • r; -. > - . * 

The direct current roughening is the roijghening eiectrochemically by loading direct current between the aluminum 
plate and a counter electrodelri an aqueous solution containing nitric acid. Electric current may be supplied through 

25 electrolytic liquid or through a conductor roller, etc. A suitable nitric acid compound concentration of the nitric acid aque- 
ous solution is from 100 g/l to saturation, preferably from 150 to 500 g/i. Preferable nitric acid compounds are aluminum 
nitrate.' nitric acid, sodium nitrate, ammonium nitrate, magnesium nitrate, etc.. and they may combined with other com- 
pounds containing nitrate ion. A preferable temperature of the nitric acid aqueous solution is from 30 to 55 The direct 
current voltage includes not only continuous direct current voltage but also commercial alternating current rectified by 

30 diode, trarisistbr. thyristor. GTO or the like, rectangular pulse direct current, and is an electric voltage wherein polarity 
is not-changed which meets general definition of direct current, and continuous direct current having a ripple factor of 
1 0 yJ'or less is preferred. A preferable quantity of electricity charged on the aluminum plate is 1 0 to 250 C/dm2. particularly 
preferably 10 to 100 C/dm2; * " ' ^ 

The alternating current roughening is the roughening eiectrochemically by feeding alternating current between the 

35 alurriinum plate and a counter electrode in an aqueous solution containing hydrochloric acid. Electric current may be 
supplied through electrolytic liquid or through a conductor roller, etc. A suitable hydrochloric acid compound concentration 
of the hydrochloric acid aqueous solution is 1 g/l to saturation, preferably from 5 to 100 g/l. Preferable hydrochloric acid 
compounds are aluminum chloride, hydrochloric acid, sodium chloride, ammonium chloride, magnesium chloride, etc.. 
and they may combined with other compounds containing hydrochloride ion. Moreover, it is preferable to add an aluminum 

40 salt and/or an ammonium salt in an amount from 20 to 150 g/l to the hydrochloric acid aqueous solution. A preferable 
temperature of the hydrochloric acid aqueous solution is from 30 to 55 **C. 

As the waveform of alternating current used for electrochemical roughening in the hydrochloric acid aqueous solu- 
tion, there are sine waves as disclosed in Japanese Patent KOKOKU No. 48-28123, phase-controlled sine waves by a 
thyristor as disclosed in Japanese Patent KOKAI No. 55-25381, special waveforms as disclosed in Japanese Patent 

45 KOKAI No. 52-58602, and so on, and in view of equipments, rectangular wave alternating current at a duty ratio of 1 :1 
is preferable. * 

In the case of forming honeycomb pits having an average diameter from 0.5 to 2 pm in the second direct current or 
alternating current roughening, there are direct current roughing and alternating current roughning as above. The direct 
current roughening can be carried out according to the aforementioned method, except the quantity of electricity and 
50 current density. A suitable quantity of electricity charged on the aluminum plate used as anode is 10 to 250 C/dm2, and 
a preferable current density is 10 to 200 A/dm2. The alternating current roughening can be carried out according to the 
aforementioned method. 

The third chemical etching is conducted for the purpose of removing smut components formed on the surface of 
the aluminum plate, and of improving brush scumming reduction and ground scumming reduction. As the acid used for 
55 the acidic aqueous solution, there are fluoric acid, f luorozirconic acid, phosphoric acid, sulfuric acid, hydrochloric acid, 
nitric acid and the like, and as the alkali used for the alkaline aqueous solution, there are sodium hydroxide, potassium 
hydroxide, trisodium phosphate, sodium aluminate, sodium silicate, sodium carbonate and the like. Two or more afore- 
mentioned acids or alkalis can be combined. As ething amount, it is preferable to etch from 0. 01 to 2 g/m2, and from 
0.5 to 1.5 g/m2 is more preferable. 
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In order.to conduct etching of such a etching degree, it is suitable to select an acid or alkali concentration from 0.05 
to 40 %. a liquid temperature from 40 to 1 00 and a tieating time-from 5 to 300 seconds. . 

The light etching can be conducted by an electrochemical treatment of the aluminum plate in an aqueous neutral 
salt solution by applying DC voltage wherein the aluminum plate is rendered a cathode. 

On the surface of the aluminum plate after the light-etching, insoluble matters; i.e. smuts, are generated. The smuts 
can be removed by washing with phosphoric acid, sulfuric acid, nitric acid, chromic acid or a mixture thereof.- 

After conducting the third chemical etching, honeycomb pits having an average diameter from 0.5 to 2 fim containing 
indentations of 0.1 Mm or less. as described in Japanese Patent KOKAI 3-104694. • - 

The anodizing is conducted for the purpose of improving hydrophilic ability, water retention, printing durability, etc.. 
and conducted by immersing in an electrolytic solution containing sulfuric acid and/or phosphoric acid by applying DC 
voltage or AC voltage. After the anodizing, sealing may be conducted according to a conventional manner. The hydrophilic 
ability of the aluminum plate may be improved by Immersing in an aqueous solution containing sodium silicate, etc. After 
the hydrophilic treatments the aluminum plate may be further treated by immersing in an aqueous solution containing 
from 10 to 30 vn. % of sulfuric acid at from 50 to 80 ''C for. from. 5 to 300 seconds.i-„.i r,r.;:-. :,,,r. ,^ , 

The thickness of the anodized membrane is preferably from 0.5 tO"10/m2, more preferably,^1 to 5 g/m2. measure by 
the gravimetric method using Maison solution. Jt is preferable. that tJne.treatmentrendering hydrophilic is cpnducted in 
an aqueous solution containing silicon .to produce a hydrophiIic,membrane containing silicon.. ../' \ ,.,1 V / o 

A section profile of the aluminum plate was measured using a tracer type surface roughness tester having a contact 
finger .of 1 in a half diameter, and two wavinesses vyare observed. One is. the.honeycomb pits formed, in the first 
direct current roughening followed by.dissolving in the.second chemical ething. and the.other is due to an average pitch, 
between plateau portions formed in the first direct current roughening. That is., indentations having an average pitch 
from 1 to 80 urn are overlapped and coexist. Waviness having a pitch of less than 1 ^m was also observed, which is the' 
indentations of honeycomb pits formed in the electrochemical roughening at the second step. ^. ~. . . . ' 

: When the aluminum plate was observed by a scanningvelectron microscope, it was found that the indentations, 
having an average pitch from 1 to 80 pm and the honeycomb pits having an average diameter from 0,1 to 2 jirri/are 
overlapped. A suitable mean surface rougheness Is from 0.3 to 1.5 ^m , preferably frorn 0.4 to 1.0 ^im. <. , 

A second aspect of the method of producing an aluminum support for a planographic printing plate of the invention 
(Production II) comprises, * . ■ . - ../.^ ^ 

(1) etching a surface of an aluminum plate chemically in an acidic or alkaline aqueous solution (first chemical etch- 
^- : -w. ^ .-. . 

(2) roughening the surface of the aluminum plate electrochemlcally in an acidic aqueous solution by applying DC 
voltage to form honeycomb pits having an average diameter from 0.5 to 7 ^m with a density from 40.000 to 500, 
000 pits/mm2 and to leave plateau portions without honeycomb pits or with honeycomb pits having an average 
diameter of less than 0.5 Mm at a rate from 0 to .15 %.of the surface (first direct: current roughening). , 

(3) etching the surface of the aluminum plate chemically in an. acidic or alkaline aqueous solutiori to render the 
plateau portions less than 10 % of the surface (second chemical etching), and >: - " 

(4) anodizing or anodizing and rendering hydrophilic the surface of the aluminum plate in an acidic aqueous solution. 

40 All of the above Steps are Similar to those Of Production I. 

A section profile of the aluminum plate was measured using a tracer type surface roughness teeter having a contact 
finger from 1 ^m in a half diameter, and two wavinesses ware observed. One is the honeycomb pits formed in the first 
direct current roughening followed by dissolving in the second chemical ething. and the other is due to an average pitch 
between plateau portions formed in the first direct current roughening. That is. indentations having an average pitch 
from 1 to 80 jim are overlapped and coexist. Waviness having a pitch of less than 1 fjim was also observed, which may 
be noise. When the aluminum plate was observed by a scanning electron microscope, it was found that the honeycomb 
pits having an average diameter of 0.1 to 7 fim are formed. The mean surface rougheness is 0.3 to 1 .0 ^m. 

The roughening of an aluminum support made of an aluminum plate electrochemlcally In an acidic aqueous solution 
by applying DC voltage, comprises providing a soft starting zone at a first stage of the roughening the aluminum plate, 
and roughening the aluminum plate at a low current density in the soft starting zone. 

As a result of Investigating eagerly, the Inventors found that a very favorable surface shape can be obtained by 
treating the aluminum plate with a low current density at the first stage of the roughening. 

The current density in the soft starting zone can be adjusted by utilizing spread of voltage in the electrolyte solution 
between an electrode and the aluminum web. or using an electric source for low current density electrolysis and elec- 
trode(s) independently, or a combination thereof. By controling the current density In the soft starting zone, the surface 
shape of the aluminum plate can be varied. 

The above method of utilizing spread of voltage in the electrolyte slution utilizes the phenomenon that the voltage 
applied between the aluminum plate and the electrolyte solution becomes lower with approaching the entrance to the 
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electrolytic bath, from an arbitrary point on the suHace of the'aluminum web facing the counter electrode along the 
aluminum web. 

In the above method of using an electric source for low current density electrolysis and electrode(s). a low corrent 
density treatment is conducted by using the electric source for low current density electrolysis arid the electrode(s). 

£ separate from the main electric source and electrode(s) used for electrolysis. In the former method utilizing spread of 
voltage in the electrolyte'solution.' wh'en the thickness or width of the aluminum web varies, loaded impedance in the 
electrolytic bath varies. As a 'result, a voltage curve in the soft starting zone varies' resulting in bringing a difference in a 
roughened shape;'On the other hand, according to the latter method, the roughened shape does not vary even if the 
thickness or width of the aluminum webchange. - * ^ 

70 ^Because of obtaining a very favolable surface shape, it is' preferable that an' aluminum web is electrolyzed in an 
acidic'electrdlyte solution uising three or more of electrolytic bathes provided with at least one couple of an anode and 
a catKode- arid the" same and or a'different soft starting-zorie at the entrance of ah aluminum web". The electric source 
used%r the mam electrolysis ih^ each electrolytic bath or each couple of an ariode'ahd a cathod is" separated from the 
other**electr6lytic batfies oV'the other electrbd'es. and' ah average current derisity is controlled at each electric bath or 

15 each couple of electrodes. 

In-view of controllirig the suWace shapef the soft starting zone is preferably provided at the entrance on the side 
where a cathode connected to a main electric source is arranged at the f i-ont. Moreover, the distance between the anode 
on the exit side and the liquid surface is preferably as short^aspoissible. ' • - ; - •> ~ ' 

The'electrolysis time in the soft starting zone is preferatSly-from 0.000"l to 5 seconds, more preferably from 0.0005 

20 to i- second, most preferably from O.'OOl to 0.5 second. The current density in the soft starting zone may be'increased 
gradually from zero or stepvi/isely by two or more jsteps". In the case of increasing gradually, the increasing form may be 
a straight lirie. ah exponential line, a logarithmic line or the like: A preferable current density on the electrode(s) for low 
current density is ioo A/drn2 or less, more preferably 50 A/dm2 or less, most preferably 30 A/dm2 or less and 1 A/dm2 
or more. . . , . 

25 The soft starting zone may be provided in the main' electrolytic bath^'or a separate bath. In the case of using a 

separate bath; it is preferable to' use the same electrolysis solution. eIectrode(s)i electric source'and waveform as the 
maih electrolytic bathinthe vievvpoiht of equipment^ ^^^^ " ^ - - - .n. • r. ' .. - 

By providing the soft starting zone on the aluminum plate entrarice side of the electrolytic bath at the part where 
anodic reaction of the aluminum plate occurs, surface conditions, such as formation of oxide membrane, of the aluminum 

30 plate •isxontrolled In the soft starting zone, and thereby formation'of honeycomb prts'in the high current density (main) 
electrolysis zone is controlled. Of course, the soft starting zone may be provided on the aluminum plate exit side of the 
electrolytic bath at the position where anodic reaction of the^aluminum plate occurs. When the soft starting zone is 
provicied on the aluminum "plate entrance side or exit side at the part where cathodic reaction of the aluminum plate 
occurs, the formation of smut components mainly composed of aluminum hydroxide is varried resulting in controlling 

35 the pitting reaction in the subsequent anodic reaction of the aluminum plate.' However, the effects are less than those 
obtained by providing the soft starting zone at the anodic reaction part of the aluminum plate. - " 

' When the alurhinum plate previously treated in ah acid or alkali aqueous solution is roughened electrochemically 
usihg^direct current and when anodic reaction of the aluminum plate is conducted at first, continuous channel-shaped 
pits having a "width from about 5 to 1 0fim and a length of about 20 fim or more can be formed easily by roughening 

40 electrocherriically using direct current at a traveling speed of the aluminum plate of 20 m/min or more. The aluminum 
plate, on which the channel-shaped pits are formed, does not satisfy the performances necessary for a printing plate. 
On the other hand, when the aluminum plate previously treated in an acid or alkali aqueous solution is roughened is 
started from cathodic reaction, continuous chennel-shaped pits do not form. 

In an advantageous embodiment, only anodes are arranged in the first electrolytic bath, and cathodic reaction of 

45 the aluminum plate is allowed to occur. In the second and thefollowing electrolytic baths, cathode and anode are arranged 
alternately. The second and the following baths are preferably three or more cells, and each bath is preferably provided 
with one couple of cathode and anode or more. One or more electric sources can be connected to one electrolytic bath. 
It is preferable that the second and the following baths are provided with a cathode and the soft starting zone at the 
entrance of the bath. The second and the following baths are preferably provided with three or more couples of a cathode 

so and an anode alternatily, in view of forming honeycomb pits more uniformly on the surface of the aluminum plate. When 
the number of the couples is two or less, it is difficult to obtain uniform honeycomb pits by using a small quantity of 
electricity. 

A preferable quantity of electricity used in the first electrolytic bath for the electrolysis of aluminum plate is from 10 
to 200 C/dm2. more preferably from 10 to 100 C/dm2. 
55 A preferable current density is from 1 0 to 200 A/dm2. Since the electrolytic conditions, such as quantity of electricity, 
current density and flow speed, at the first electrolytic bath influence the roughened shape at the second and the following 
electrolytic baths, an object roughened shape can be formed by optimizing electrolytic conditions at each electrolytic 
bath. The electrolytic conditions at the first electrolytic bath and the second and the following electrolytic baths may be 



7 



20 



25 



30 



35 



40 



45 



EP0 701 908 A2 

i?rt;*a^°;"'™ each a,.c»y.c b.lh can be .e,e™l„ed 

other hand, radiaUype ele^rolytiSJtii arLuoS T '"°""»'"9 ^ott starting zone. On the 

type electrdyticbaths ii iZrZrStZJTl^;^^ the handling , of the aluminum plate web. In the case of vertical 
inordertpinSbiSoS^^ 
15 may be conventional. ' ' ^ " y l'qud.flovy^ In.the case-of radial type electrolytic baths, Hquid supply 

each couple of an anodrand a cathod! ' ^ ^ ^ f °"nected.to a separate electric, source independetly, or 

a,.im a|un,i„„„ Plates an. alun^nun, .Wi^,ee: feus 

.e<,uS~~ 
having an »,eraoeliame>erTmo ™CT^m«^^^^ 

1.0 Mm, sure.,, the aiumhum support lor a MnTrSn^c roL^hnesslrom 0.3 to 

brtjsh scumming reOuction. . . = l«">t,ng plate produceo. is exoeUent iri no dinging ol lni, anO in 

(c=uX°^:?al°e^;^Se« ilnS"o^ Z^S^ZTT"- *r »» generation o, chattering ma;te 

byine so/starling »neTi5 .^nMt21^hTi™,Il?iL™!^?^*^^^^ 
of me .luminum plat, iy ^TheVo« 

oontroliing the c^.nt 'i^XSS^^^.l^T^^'TT'^ 'TT '* 
be made Inespeclive of ,r»,eling speed oMhe .Sl'S'^ ' '"^ 

50 in Figure 2. . .. '^'y"'^® ^ ' ^"o^ner apparatus used therefor is illustr^^^ 
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series.Elre?ec;XT^^^^^^ 

4 in parallel each other aS ba h pLrpetdl'ar o^^^^^^^^^ ''^""'^ " ^ ^"'^ «"°de 

ref.^sfo:r~sfHS^^ 
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anode 1 4 alternately. The cathode 13 and the anode 14 are connected to a DC electric source 15. A convey roller 16 is 
provided in a state that the under half portion Is immersed in the acidic aqueoijs solution 12, and convey rollers 17 is 
also provided above each electrolytic bath. The aluminum plate 18 travels through the convey rollers 16, 17. 

An apparatus used for the roughening using AC voitsige in the method of producing an aluminum support for a 

5 planographic printing plate of the invention is illustrated in Figure 3, 

In the'roughehing apparatus using AC voltage shown in Figure 3, an electrolytic bath 1 is provided, and filled with 
an acidic aqueous solution 22. the electrolytic bath 21 is provided with a couple of electrodes 23, 24 which are connected 
to an AC electric source 25. A couple of convey roller 26, 27 are provided in a state that the under half portion is Immersed 
in the acidic aqueous solution 22: The aluminum' plate 28 travels through the convey rollers 26. 27. 

10 ''Several roughening -apparatuses using DC voltage for conducting the roughening of an aluminum support of the 
invention are illustrated in Figures 4-9. 

- 1n the roughenirig^apparatus shbwn in Figure 4,-the upper end of the cathode 41 is lower shorter than the anode 
42 by'the length' h.- arid the other*structure is the same as Figijre 1. Accordingly, in this apparatus,' the aluminum plate 
9 is at'fir'st j.e: immediately after ehtering in the acidic aqueous solution'2, roughened by a low current density. ' 

75 In the roughening apparatus shown in Figure 5, the upper part of the cathode 51 is cut obliquely to form an oblique 
face 53 gradually apart from the anode 52 toward upside; Te other structure is the same as Figure 1 . Accordingly, in this 
apparatus; the alurhirium plate 9 is at first. I.e. immediately aftei- entering in the* acidic aqueous solution 2, roughened 
by alow curreht'density by the oblique face 53. 

In the roughening apparatus shown in Figure 6. the cathode 61 is composed of a cathode body 62 and a couple of 

20 cathode pieces 63^ 64 for soft starting, and the cathode pieces 63,"^64 are connected to a low voltage DC electric source 
65. The other structure is the same as Figure 1. Accordingly, in this apparatus, the aluminum plate 9 is at first,' i.e. 
immediately after entering In the' acidic aqueous solution 2, roughened by a low'current density by the cathode pieces 
63, 64 for soft starting. * ^rv ' l • ■ - . • ^ - - : . • ■ r - r-r: y, 

In the roughening apparatus showh in Figure 7, the cathode 71 is composed of a rhain cathode 72 and a cathode 

25 73 for soft starting, and the anode 74 is composed of a main anode 75 and an anode 76 for soft starting. The anode 76 
for soft istarting provided In an odd number electrolytic bath 77 counted from upstream side of tra^veling aluminum plate 
and the cathode 73'fbr sbir starting provided in an even number^electric bath 78 are connected to a low voltage DC 
electric source 79. The other structure Is the same as Figure 1 .'Accordingly, in this apparatus, the aluminum plate 9 is 
atf irst, i.e. immediately after entering in the acidic aqueous solution 2, roughened by a low current density by the cathode 

30 73 for soft starting.- : . : • 

In the ro"ughening apparatus shown in Figure 8, an electrolytic bath 81 for soft starting is provided on the upstream 
side^bf the roughening apparatus. The electrolytic bath 81 for soft starting is filled with an acidic aqueous solution 82, 
and Is provided with "an anode 83 for soft starting. TTie cathode 85 of the electrolytic bath 84 for electrolytic roughening 
is omposed of a main cathode 86 and a cathode 87 for soft startirig, and the anode 88 is composed of a main anode 

35 89 and an anode 90 for soft starting. The anode 83 for soft starting of the electrolytic bath 81 for soil starting and the 
cathode 87 for soft starting of the first elecrolytic bath 84 for roughening are connected to* a low voltage DC electric 
source 91, and thereafter, the anode 83 for soft starting of the electrolytic bath 84 for roughening and the cathode 87 
for soft starting of the next electrolytic bath 84 are connected to a low voltage DC electric source 91. The other structure 
is the same as Figure 1 . Accordingly, in this apparatus, the aluminum plate 9 is at first, i.e. immediately after entering in 

40 the acidic aqueous solution 2, roughened by a low current density by the cathode 87 for soft starting. 

In the roughening apparatus shown In Figures 9 and 10, an electrolytic bath 101, 111 tor soft starting is provided 
on the upstream of the roughening apparatus. The electrolytic bath 101, 111 for soft starting is filled with an acidic 
aqueous solution 102, and Is provided with an anode 103 for soft starting. The cathode 105 of the first electrolytic bath 
1 04 for electrolytic roughening is omposed of a main cathode 1 06, 1 1 6 and a cathode(s) 107,11 7-1 1 9 for soft starting. 

45 The anode 103 for soft starting of the electrolytic bath 101, 111 for soft starting and the cathode 107, 1 17-1 19 for soft 
starting of the first elecrolytic bath 104 for roughening are connected to a low voltage DC electic source(s) 108, 131- 
133. The other structure Is the same as Figure 1. Accordingly, in this apparatus, the aluminum plate 9 is at first, i.e. 
immediately after entering in the acidic aqueous solution 2, roughened by a low current density by the cathode 107, 
1 1 7-1 1 9 for soft starting. 

50 • ' 

EXAMPLES 
Example 1 

55 A J IS 1050 aluminum plate 0.24 mm In thickness 300 mm in width was etched chemically by immersing in 5 % 
sodium hydroxide aqueous solution at 60 ''C for 20 seconds, and washed with water. Then, the aluminum plate was 
immersed in 1 % nitric acid aqueous solution at 60 "C for 10 seconds, and washed with water. 

Subsequently, the aluminum plate was electrochemically roughened using an apparatus shown in Figure 1. The 
acidic aqueous solution was 1 % nitric acid aqueous solution (containing 0.5 % of aluminum Ion and 70 ppm of ammonium 
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an. s,:i*sTCirx?s,T,rr"''''' ^^^^^^^ 

currM wan a teqLnc, 0.60 H™,a S afc^ V 

carBon) tor 14 seconds """"^ ""<> " between the aluminum pjale and a counter eleotode (made 01 
aqueous solution at 60 -C for 10 seconds ^^d Shed I:^^ wafer 

big Ilet rnd°ho^^^^^^^^^^ Pe. » was found that there were 

mean surface roughnesSe'lSZ X'So 6 X °' ' '"""^ °" '^'S "^^^ 

drying, coating a positive type lightsenSleS^^ component us.ng direct current, washing with water. 

;s;rda^s~-'~^^ 

Example 2 : ' 

between each anode and cathode Th7^uZ^.^ r.^i ^ facing the aluminum plate, and DC voltage was loaded 
electrodes. The current den^ was 1^1/6^7^1^^ h 71' ^^'^^ '""^'"^ " ^'^'^"^^ °' ^° ^^"^ ♦^'^^^ 
the traveling speed of the Snl^la^t^^^ 7 2 Zin ' ' "''"'^ ^^^P^^'^^'^' 

theiSrcrar^aTdr^^^^^^^^^^^ 

bath, 20 mm af the exit of the firs bath pnri ,h J f ! ^'^'"^ ""^^ ^° ^"'^^"'^^ °' »he first 

entrance portion and al the exi ^o^^^^^^^^^ '"^ °* '"^^ '° "aths. respectively A, the 

density lower than the stationary cu Jenfde^^^^^^^ h T'"'''" ^ T electrochemically treated at a current 

sciutlTeo'-Vore^s^^^^^^ 

with water. components mainly composed of aluminum hydroxide, and then washed 
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The surface of the aluminum plate was observed by a scanning electron microscope at a magnification of 750 times, 
and found that kll honeycomb pits had an average diameter the 4 to 6>im. and the density was 45;000 pits/mm2. 
The areia of plateau portions without honeycomb pit or with honeycomb pits having an average diariieter of less than 
0.5 pm was 40%. ' ' - v • 

5 thVaiuminum plate 'roughened by direct current was immersed in 25 % sodium hydroxide aqueous solution (con- 

taihing-5 % of aluminum ion)' at 60 ''C for 15 seconds to etch 8.5 g/m2 of the aluminum plate.-and washed with water. 
Then, the aluminum plate was immersed in 25 % sulfuric acid aqueous solution at 60 °C for 10 seconds, and washed' 
withwater. * ■ - ' • ..-.t^.:.-.. 

" The surface 6f the aluminum plate was observed'by a scanning iBiectrbn'microscope at a magnification of 750 times, 
10 andfeundthatthe plateaTi portions did ri " ' ; ' ' / ■ ' ^ ' ' 

' The aluminum plate was treated Wth the second stage electrochemical roughening by using 1 '% nitric add aqueous - 
soiutiW(containirig 0.5'%' of alumtnumiori) at 45 '*C-as'th'e electrolyte solution and applying rectangular wave alternating - 
current with a frequency of 60 Hz at a duty ratio of 1 :1 between the aluminum plate and a counter electrode (made of 
carbon) for 1 4 seconds. 

75 The aluminum plate roughened by alternating current was washed with water, and chemically etched by immersing ' 
in 5 % sodium hydroxide aqueous solution (containing 0.5 % of aluminum ion) at 35 ''C for 20 seconds to remove 1.0 
g/rn2 of the aluminUm' plate; ahd'washe^ ailumihum^late'was imniersed in 25 % sulfuric acid 

aqueous solutibn at 6b ^'C for 10 seconds, aricl was^^ ^: - jv » ;„ ■ ...o' . , 

The surface of the aluminum plate was observed by a scanning eledrbh-microsc6pe7lt was found that there were 

20 big wavin'ess, and honeycomb pitV having ah average diameter of '1 'pm"was formed uniformly oii the big waviness. The 
mean surfac<B ro'ughness'^f the aluminum plate 'w^ * ' - '^'^ ' ' ' - ' - -'''^ -^ *^ 

^ ' According to a conventional 'm by 'anodizing the aluminum plate 

in an'aqueous solutionjconta^ acid as the^rinciparcbmporienVusing dire'ct'cijrrent, washing with water, 

drying, costing a positive type lightsensitive layei-; arid then drying? The printing plate was*iBxcellent in brush scumming ' 

25 reduction, printing durability, tone reproducibility, removal of ink, fill-in reduction' of ink at half-tone dot portions upon 
reducing damping water,' etc. Particularly, the fill-in reduction of ink at half-tone dot portioris"^ upon reducing damping 
water is furtrfer excellent than Example 1 . and the'support is suitable for high class printing capable building up of ink. 

Example 3 

30 ■ " ■ '■ ■ ' ' ^ . / • ^' 

"*UIS 1050'aluminum plate 0.24 mm in thickness was etched chemically by immersing in 5 % sodium hydroxide: 
aqueous solution at 60 "C for 20 seconds; and washed with waterr Then, the aluminum plate was immersed in 1 % nitric 
acid aqueous solution at 60 **C for 10 seconds, and washed with water. 

Subsequently, the aluminum plate was electrochemically roughened using an apparatus shown in Figure 2. The 
35 acidic aqueous solution was 1 % nitric acid aqueous solution (containing 0.5 % of aluminum ion and 70 ppm of ammonium 
ion) at 45 **C. Xnodes'and cathodes were alternately arranged facing the' aluminum plate; and DC voltage was applied 
between each anode and cathode. The aluminum plate was passed with keeping a distance of 10 mm from these 
electrodes.' The current density was 200 A/dmz; the length of the ahbde and the cathode was 20 mm, respectively, and 
the traveling speed of the aluminium plate was 2.4 m/min. 
40 The distance from the liquid surface to each cathode or anode along the aluminum plate was 20 mm. respectively. 
Thereafter, the aluminum plate was washed with water, and subsequently, immersed in 25 % sulfuric acid aqueous 
solution at 60 'G for 60'seconds to remove smut components mainly composed of aluminum hydroxide, and then washed 
with water. 

The surface of the aluminum plate was observed by a scanning electron microscope at a magnification of 750 times, 
45 and found that honeycomb pits having an average diameter from 1 to 10 jim were widely distributed, and the density 
was 70,000 pils/mm2. An electron microscope photograph of the aluminum plate surface is shown in Figure 11. The 
area of plateau portions without honeycomb pit or with honeycomb pits having an average diameter of less than 0.5 jim 
was 30%. 

The aluminum plate roughened by direct current was'immersed in 25 % sodium hydroxide aqueous solution (con- 
so taining 5 % of aluminum ion) at 60 °C for 10 seconds to etch 5.5 g/m2 of the aluminum plate, and washed with water. 
Then, the aluminum plate' was immersed in 25 % sulfuric acid aqueous solution at 60 *'C for 10 seconds, and washed 
with water. 

The surface of the aluminum plate was observed by a scanning electron microscope at a magnification of 750 times, 
and found that the plateau portions did not exist. 
55 An electron microscope photograph of the aluminum plate surface is shown in Figure 12. 

The aluminum plate was treated with the second stage electrochemical roughening by using 1 % nitric add aqueous 
solution (containing 0.5 % of aluminum ion) at 45 ''C as the electrolyte solution and supplying rectangular wave alternating 
current with a frequency of 60 Hz at a duty ratio of 1 :1 between the aluminum plate and a counter electrode (made of 
carbon) for 14 seconds. 
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in ^ 1/ !^ K ^ ^ roughened by alternating current was washed with water, and chemically etched by immersing 
o/n^2 nf\ST ^ °' ! ^''"'"f ('^^"^^'^"g 0-5 % P« aluminum ion) at 35 «C for 20 seconds to remove 1 0 

g/m2 of the aluminum, plate, and washed with water. .Then, the aluminum plate was immersed in 25 % sulfuric acid 
aqueous solution at 60 for 10 seconds, and washed with water. ' ' 

bio rrp^fnH ■ """"k""] "If' ^- ^^^"^^ ^ '^""'"9 microscope, it was found that there were 

^ cm ■ P"^ ^«^!"9 an average diameter of 1 ^m was formed uniformly on the big waviness The 

mean surface roughness of the aluminum plate was 0.60 urn. . . c u a wdviness. , i ne 

An electron microscope photograph of the" aluminum plate suiface is shown in "Figure'13 
«n ^nn^n^c^,*"/ ^°"'f "^f « POsiti^e .type printing parte was prepared by anodizin the aluminum plate in 
an aqueous solution containing sulfuric acid as the principal component using direct current, washing with water dryini 



ing water, etc 
15 Example 4 



. A JIS 1050 aluminum plate 0.24 mm thickness was etch^'chen^ically by. immersing in S % sixJium hydroxide 
aqueous solution et 60 »C for 20 seconds, and washed^with water. Then, the aluminum plate wasUmS7n i %Sc 
acid aqueous solution at 60 °C for 10 seconds, and washed with water, • as immersea im /, nitric 

.r: Subsequently, the aluminum plate, .was electrqchemically roughened' using an apparatus' showr^ in FiquVe 2 The 

ronri^^^^roLTanTcmJ^ef 

.on) at 45 C.^Anodes and cathodes were alternately arranged facing the^aliiminum plate, and DC voltage was aDDlied 
between each anode and cathode. The, aluminum plate was passed' with keeping a distance of TrS'ml^mm Kse 

thetravelingspeedofthe aluminiumplate was 1.2 m/min . ... , .,>.e5+)eciiveiy..ana 

^ priw?hlT * *° ^^"^^ °' anode alohg the aluminum plate was 20 mm. respectively 

so;utbn atS oc f^^^ eS's^IcoTdftf "^^"^f ^'"^ subsequently immersed in 25 % sulfuric acid aqSs 

onH ■? u aluminum plate was observed by a scanning electron microscope at a magnification of 750 times 

?Je t".^n?' f '^^d ^" average diameter of from 2 to lO.m. and 5ie density was 24 oSmrS" 

as urn was ST" "^^"""^ honeycomb pit or-with honeycomb pits having an average diametZ&Tn 

*»i„i "i^^S^e^^d by direct current was immei^ed'in 25 % sodium fydroxide aqueous soluti6n (con- 

Sl^tho I """T. 30 seconds to etch 15 g/m2 of the aluminu,; plate, and SS^S water 

2 wSer 25 % sulfuric acid aqueous solution at 60 «C^or 10 seccSds ■a:S w^^^^^^^ 

andS^r:c^t:s™sr 

The aluminum plate wras treated with the second stage electrochemical roughening by using 1 % nitric acid aaueous 
solulion(conta,n,ng0.5%of aluminum ion)at 45 »Castheelectrolytesolutionandsupp?.ing^^^^^^^^^ 
caTon)riV:2o"nr ' '"'^ ^' P'^'-"^' coSrWSelS o1 

i„ c 1"!^"""'"^ "'^l! """"S^^"^ alternating current was washed with water, and chemically etched by immeisinQ 
-n 5 % sodiurn hydroxide aqueous solution (containing 0.5 % of aluminum ion) at 35 "C for 20 sea.nds to remov^ § 
g/m2 of the aluminum plate, and washed with water. Then, the aluminum plate was immersed'^^^5 % suZc adS 
aqueous solution at 60 'C forlO seconds, and washed with water. , . 'mmersea in 25 /o sulfuric acid 

The surface of the aluminum plate was observed by a scanning electron microscope, it was found that there were 
b^g waviness. and honeycomb pits having an average diameter of 1 ^m was formed uniformly on t^^ waviness^^^^^^ 
mean surface roughness of the aluminum plate was 0.8 Mm wavmess. i ne 

in JlTf"^ '° a conventional manner, a positive type printing plate was prepared by anodizing the aluminum plate 
in an aqueous solution containing sulfuric acid as the principal component using direct current washino rh water 
drying coating a positive type lightsensitive layer, and then drying. The printing plate was exceTentTn brush scJZ no 
ss ^^^^"^'^ r^roducibility. removal of ink, fill-in redu.i^on^f ink at half-tonVrpttr^uZ 
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Example 5 

A J IS 1050 aluminum plate 0.24 mm in thickness was etched chemically by immersing in 5 % sodium hydroxide 
aqueous solution at 60 ''C for 20 seconds, and washed with water. Then, the aluminum plate was immersed in 1 % nitric 
5 acid aqueous solution at 60 °Q for 1 0 seconds, and washed with water. 

Subsequently, the aluminum plate was electrochemically roughened using an apparatus shown in Figure 2. The 
acidic aqueous solution was 1 % nitric acid aqueous solution (containing 0.5 % of aluminum ion and 70 ppm of ammonium 
ion) at 45 Anodes and cathodes were alternately arranged facing the aluminum plate, and continuous DC voltage 
was applied between each anode and cathode. The aluminum plate was passed with keeping a distance of 10 mm from 
10 these electrodes.'The current density was 200 A/drn^i the length of the anode and the cathod'e was 20 mm, respectively, 
andihe Welihg speekii of the aluminium plate was 2.4 r^ : . ; y - - ^ * , • 

The distance from" the liquid surface to each cathode or anode along the' aluminum plate was 20 mm. respectively. 
Thereafter, the aluminum plate was washed with water, and subsequently, immersed in 25 % sulfuric acid aqueous 
solution at 60 *C for 60 seconds to remove smut components mainly composed of aluminum hydroxide, and then washed 
75 with water. 

The surface of the aluminum plate was observed by a scanning^electrdn microscope at a magnification of 750 times, 
and found that hdheycomb pitis having ah average diameter from '1 to 10 ^m we're widely distributed, and the density 
was 70,000 pits/mm2. The area of plateau portions without honeycomb pit or with honeycomb pits having an average 
diameter of less than 0.5 jirh was 30 %^''' ^ -m^ - , • ■ • :. . ■ i • : , - > . 

20 ' • The aluminum plate roughened by direct cur?eht was imme>sed in 25 %' sodium hydroxide aqueous solution (con- 
taining 5'% of aluminuhi ion) at 60 ''C for 10 seconds to etch 5.5 g/m2 of the aluminum plate, and washed with water. 
Then, the kluminum plate was' immersed in 25 % sulfuric acid aqueous solution at 60 *C for 10 seconds, and washed - 
with water." ''^f"'-'-' • // -mx ■ f.- ■: • •:^ ■ , ^ .^-.c--. ■ -. - ■ - . • ■ 

The surface of the aluminum plate was observed by a scanning electron microscope at a magnification of 750 times, 

25 and found that the plateau portions did not exist. " * ■ < * - - 

The aluminum plate was treated with the second stage electrochemical roughening by using 34 % nitric acid aqueous 
solution (containing 0.5 % of aluminunfi ion) at 45 "C as'the electrolyte solution and supplying direct current rendering 
the alurhinum plate as the anode and a counter electrode (made of carbon) at a current density of 20 A/dm2 for 3 seconds. 
The aluminum plate roughened by alternating current was washed with water, and chemically etched by immersing - 

30 in 5 %'sodiurh hydroxide aqueous solution (containing 0.5 % of aluminum Ion) at 35 **C for 20 seconds to remove 0.1 
g/m^^of the aluminum' plate, and washed with water Then, the aluminum plate was immersed in 25 % sulfuric acid 
aqueous solution at 60 "C for 10 seconds, and' washed with water. ' - ■ ' * 

The surface of the aluminum plate was observed by a scanning electron microscope, it was found that there were 
big waviness,' and hdheycomb pits' having an average diameter of 0.3 \xm was formed uniformly on the big waviness. 

35 The-mean surface roUghness^of the aluminum plate was 0.6 Jim. * 

' According to a conventional manner, a positive type printing plate was prepared by anodizing the aluminum plate 
in an aqueous solution containing sulfuric acid as the principal component using direct current, washing with water, 
drying, coating a positive type lightsensitive layei-. and then drying. The printing plate was excellent in brush scumming 
reduction, printing durability, tone reprodijcibility. removal of ink, fill-in reduction of ink at half-tone dot portions upon 

40 reducing damping water, etc. 

Observed Results * . 

As to the aluminum plates provided with up to the anodizing or the treatment rendering hydrophilic in Examples 1- 
45 5, a section profile of each aluminum plate was measured using a tracer type surface roughness tester having a contact 
finger 1 ^m in a half diameter, and two wavinesses ware observed. One is the honeycomb pits formed in the first rough- 
ening followed by dissolving in the second chemical ething, and the other is due to an average pitch between plateau 
portions formed In the first direct current roughening. That is, a big waviness of about 2 to 80 fim pitch was observed. 
Concretely, indentations having an average pitch from 2 to 80 ^im are overlapped and coexist. The waviness having a 
50 pitch of less than 2 \xm was also observed, which is the indentations of honeycomb pits formed in the electrochemical 
roughening at the second step. When the surface was obsen/ed by a scanning electron microscope, it was found that 
the honeycomb pits having an average diameter from 0.1 to 2 pim were formed. A suitable mean surface rougheness is 
from 0.3 to 1 .5 fim . preferably from 0.4 to 1 .0 jim. 

The depth of the big waviness from 2 to 80 \xw pitch was determined by the section profile, and the depth was from 
55 about 0.1 to 4 |im. The surface was observed by a scanning electron microscope, honeycomb pits having an average 
diameter from 0.1 to 2 pm were found formed in the electrochemical roughening at the second step. The density of the 
honeycomb pits having an average deameter fromof 0.1 to 2 \xm was from 100,000 to 100.000,000 pits/mm2. 

The depth of the honeycomb pits having an average diameter from 0.5 to 2 fjim formed in the electrochemical rough- 
ening at the second step was determined by a section photograph, and found to be from about 0.1 to 0.5jJim. 
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.K. "^.'"^.^^yt" °* ""r-^ ^'""^'"""^ plates treated by the electrochemical roaghening at the first step and the subseauent 
chem,cal etching ,n Examples 1-5 was observed by a scanning electron microscope at a n agSiit>rof tS 



Example 6 



10 



15 



reproauctolly, .eroval ol ,nk, «.in,M>,clion,o. ink al hsK-lone.dot ppnions upon rlk^ing .a/i^SKr^c*. 



Example 7-.~. 



£0 



55 



acid aqueous solutiori at 60 .^C for 10 seconds, and washed with water . " ' , '"""^ P'^te was immersed m l ,/« mtnc 
^"""■""'^ P'^*^ electrochemlcaliy\oiighened using an apparaius shown inFiaure 1 The 
Sill •■C';f^<«f-*Mld,catJ,<Kl.es.«rer6 alternately arranged, facing -the aluminum plate, 'and DC voltage wSaDoS 

Sr.Sle! ' 9>«W"*<o remove c<™p<„»«s ™i„!y cpnvoscd.olajuminum hrtoxide. a™, ihen wasS 

Example Q 

acidifa?uXsliro?wri"r r'''' roughened using an apparatus' shown in Figure 1 The 
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Thereafter, the aluminum plate was washed with water, and subsequently, immersed In 25 % sulfuric acid aqueous 
solution at 60 for 60 seconds to remove smut components mainly composed of aluminum hydroxide, and then washed 
with water. 

The surface of the aluminum plate was observed by a scanning electron microscope at a magnification o1 750 times. 
5 and found that airhoneycomb pits had an average diameter from 5 to 7 ^m, and the density was 40.000 pits/mmz. 
The area of plateau portions without honeycomb pit or with honeycomb pits having an average diameter of less than 
0.5 fim was about 1 5 %. 

The aluminum plate roughened by direct current was immersed in 25 % sodium hydroxide aqueous solution (con- 
taining 5 % of aluminum ion) at 60 *C for 10 seconds to etch 2.5 g/m2 of the aluminum plate, and washed with water. 
10 Then, the aluminum plate was immersed in 25 % sulfuric acid aqueous solution at 60 for 1 0 seconds, and washed 
with water. 

The mean surface roughness of the aluminum plate was 0.6 pm. 

According to a conventional manner, a positive type printing plate was prepared by anodizing the aluminum plate 
in an aqueous solution containing sulfuric acid as the principal component using direct current, washing with water. 
15 drying, coating a positive type lightsensitive layer, and then drying. The printing plate was excellent in brush scumming 
reduction, printing durability, tone reproducibility, removal of ink, fill-in reduction of ink at half-tone dot portions upon 
reducing damping water, etc. 

Example 9 

20 

The same aluminum plate was treated by the same method as Example 7. except changing the current density to 
1 25 A/dm2, the length of the electrodes to 150 mm. the length of the soft starting zone to 10 mm. and the traveling speed 
of the aluminum plate to 7.2 m/min. 

The surface of the aluminum plate was observed by a scanning electron microscope at a magnification of 750 times. 
25 and found the honeycomb pits having an average diameter from 1 to 2 pm were formed uniformly over the whole surface. 

Example 10 

In Example 1 . current density of each electrolytic bath was arbitrarily varied in the direct current roughening at the 
30 first Step. 

"The results are shown in Table 1 



Table 1 



Ex. No 


Current Density(A/dm2) 


Quantity of Electricity (C/dm2) 


Mean Surface 
Roughness (pm) 




1st Bath 


2nd Bath 


3rd Bath 


4th Bath 






Ex. 10-1 


80 


80 


80 


80 


400 


0.6 


Ex. 10-2 


95 


75 


75 


75 


400 


0.65 


Ex. 10-3 


65 


85 


85 


85 


400 


0.7 



45 As shown in Table 1 , surface shape of the aluminum plate can be controlled by varying current density at respective 

electrolytic baths. 

Comparative Example 1 

£0 The same aluminum plate was roughened by the same electrochemical roughening using direct current at the first 

step as Example 2. 2.5 g/m2 of the aluminum plate was etched by immersing in 25 % sodium hydroxide aqueous solution 
(containing 5 % of aluminum ion) at 60 **C for 10 seconds, and washed with water Then, the aluminum plate was 
immersed in 25 % sulfuric acid aqueous solution at 60 /C for 1 0 seconds, and washed with water. 

The surface of the aluminum plate was observed by a scanning electron microscope at a magnification of 750 times, 
55 and found that the plateau portions was about 1 5 %. 

The aluminum plate was further treated with the electrochemical roughening at the second step and thereafter 
treatments of Example 2, 
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hin Ji'llc?^%°'J^^ ^""^ P'^'^^^" ""^^'"'^ ^ ^^=^""'"9 ^'^'^'^o" microscope, it was found that there were 
b 9 wavmess. and honeycomb pits having an average diameter of 1 was formed unifomily on the ttg waWnis The 
mean surface roughness of the aluminum plate was 0.65 pm. d'Q waviness. l he 

in ^^1°'^!?^ '° a conventional manner, a positive type printing plate was prepared by anodizing the aluminum olate 
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The results were compared with Examples 1-5 and summarized in Table 2. 
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10 



75 



Comparative Example 2 

A surface of a metal roll was roughened by using a.nylon.br.ush and a suspension of pumice. A JIS 1050 aluminum 
plate 0.3 mm in thickness was roughened by pressing of the roughened metal roller. 

The surface of the aluminum plate was observed by a scanning election microscope at a magnification of 750 times 
and found that honeycomb pits did not exist, and the surface was in a shape of a field cultivated by a hoe 

The aluminum plate was immersed in 25 % sodium hydroxide aqueous' soTution (containing 5 % of aluminum ion) 
at 60 "C for 10 seconds to etch-5.5 g/m2 of the aluminum plate, and washed with water, then, the aluminum plate was 
immersed in 25 % sulfuric acid aqueous solution at 60 "C for 10 seconds, and washed with water. 

The surface of the alumiriurn ptete'was observed by a scanning electron inicroscope at a magnification of 750 times 
and found that the surface had a big waviness similar to Examples. Howeyer.-in the case of E3<amples. indentations were 
bowl-shaped uniform ones, but in Comparative Example 2, a lot of crevibe-shaped long recessions exist together with 

bowl-shaped indentations : _ 

The aluminum plate Was treated with the second stage electrochemical"roughe"rtn'^)^"sing 1 % nitric acid aqueous 
solution (containing 0.5 % of aluminum Ion) at 45 "C as the electrolyte solution and supllying rectangular wave alternating 
current with a frequency of 60 Hz at a duty ratio of 1 :1. betWeen thb aluminum, plate and a counter electrode (made of 
carbon) for 14 seconds. | j • ■ I ' i •■ f . " ' 

The aluminum plate roughened by alternating current was washed.wrth.watlr. and chemically etched by immersing 
in 5 ^ sodium hydroxide, aqueous solution (containing 0.5 % of aluminum Ion) at 35 'C for'20 seconds to remove 1 0 
g/m2 of the aluminum plate, arid washed with water. Then, the aluminum plate was immersed in 25 % sulfuric acid 
aqueoussolutionatecCfor. 10 seconds, and .washed with waterl 5:1 

The surface of the aluminum plate was observed by a scai^nihg elearori i^icroscopl. it was found that there were 
big waviness. and honeycomb pits haying an average diameter of 1 nm was forf^^ed unif6?mly on the big waviness The 

mean surface roughness of the'aluminum plate was 0;55 urn.- -l— - . . X- 

According to a conventional manner, a positive type printing plate was prepared by anodizing the aluminum plate 
in an aqueous solution containing sulfuric add as the principal component using direct current, washing with water 
drying, coating a positive type lightsensitive layer, and then drying. The printing plate was inferior in brush scumming 
reduction, compared with Examples. Moreover, flatness of the aluminum plate was also inferior compared with Examples. 

30 Comparative Example a ■ - - - — 

The same aluminum plates was treated by the same method as Example 1 except not conducting the soft starting 
AS a result, wave-formed baring, which might be caused by variation of liquid surface level, was formed on the surface 
of the aluminum plate. ; ' • - . _ \ . " 
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Claims 
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2. 



55 



An aluminum "support for a planographic printing plate bf which a surfabels provided with honeycomb pits having 
an average diameter from 0.1 to 2 nm formed by overlapping indentations with an average pitch from 1 to 80 urn 
and the surface having a mean surface roughness from 0.3 to 1.5 nm. ■ . : . , . 

An aluminum support for a planographic printing plate of which a surface is provided with honeycomb pits having 
an average diameter from 0.5 to 1 0 Hm. and the surface having a mean surface roughness from 0.3 to 1 .0 Mm. 

3. A method of producing an aluminum support for a planographic printing plate which comprises, 

(1) etching a surface of an aluminum plate chemically in an acidic or alkaline aqueous solution 

(2) roughening the surface of the aluminum plate electrochemically in an acidic aqueous solution by applying 
DC voltage to form honeycomb pits having an average diameter from 0.5 to 10 jim with a density of 10 000 to 
100. 000 pits/mm2 and to leave plateau portions without honeycomb pits or with honeycomb pits having an 
average diameter of less than 0.5 nm at a rate from 1 5 to 60 % of the surface. 

(3) etching the surface of the aluminum plate chemically in an acidic or alkaline aqueous solution to render the 
plateau portions less than 10 % of the surface, 

(4) roughening the surface of the aluminum plate electrochemically in an acidic aqueous solution using direct 
cuirent or aJternating cun-ent to form honeycomb pits having an average diameter from 0. 1 to 2 nm 

(5) etching the surface of the aluminum plate chemically in an acidic or alkaline aqueous solution and 

(6) anodizing or anodizing and rendering hydrophilic the surface of the aluminum plate in an acidic aqueous 
solution. ^ 



18 



BNSDOCID: <EP 0701 S08A2,I_> 



EP 0 701 908 A2 

4. A methcd of producing an aluminum support for a planographic printing plate which comprises. 

(1) etching a surface of an aluminum plate chemically in an acidic or alkaline aqueous solution. 

(2) roughening the surface of the aluminum plate electrochemically in an acidic aqueous solution by applying 
5 DC voltage to form honeycomb pits having an average diameter from 0.5 to 7 with a density from 40.000 

to 500. 000 pits/mm2 and to leave plateau portions without honeycomb pits or with honeycomb pits having an 
average diameter of less than 0.5 ^m at a rate from 0 to 15 % of the surface, 

(3) etching the surface of the aluminum plate chemically in an acidic or alkaline aqueous solution to render the 
plateau portions less than 10 7© of the surface, and 

70 (4) anodizing or anodising and rendering hydrophilic the surface of the aluminum plate In an acidic aqueous 

solutiph. c , V 

5. A method of roughening an aluminum support made of an alumihum plate electrochemically in an acidic aqueous 
solution by applying d-c voltage, which comprises providing a soft starting zone at a. first stage of the roughening 

75 the aluminum plate, and roughening the alumihum plate at a Jow current density in the soft starting zone. 

6. The method of roughening an aluminum support of claim'5-wherein the soft starting zone utilizes spread of voltage 
in an electrolyte solution between an electrode and the aluminum plate. ^ j - . ^ 

20 7. The method of roughening an aluminum support of claim 5 wherein the soft starting zone comprises at least one 
separate electrode connected to an electric power supply. for low current density, electrolysis. 

8. The method of roughening an aluminum support of claim 5 which comprises combining at least three electrolytic 
baths which are provided with the soil starting zone. 
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(57) An aluminum support for a planographic print- 
ing plate of which a surface is provided virith honeycomb 
pits having an average diameter from 0.1 to 2)im formed 
by overlapping indentations with an averagel pitch from 
1 to 80 ]xm, and the surface having a mean surface 
roughness from 0.3 to 1.5 nm. or provided with honey- 
comb pits having an average diameter from 0.5 to 10 
|im, and the surface having a mean surface roughness 
from 0.3 to 1 .0 ^m. and a method of producing the same 
which comprises. 

(1) etching a surface of an aluminum plate chem- 
ically in an acidic or alkaline aqueous solution, (2) 
roughening the surface of the aluminum plate electro- 
chemically in an acidic aqueous solution by applying DC 
voltage to form honeycomb pits having an average 
diameter from 0.5 to 10 fim and to leave plateau por- 
tions, (3) etching the surface ot the aluminum plate to 
render the plateau portions less than 10 % of the sur- 
face, (4) roughening the surface of the aluminum plate 
electrochemically in an acidic aqueous solution using 
direct current or alternating current to form honeycomb 
pits having an average diameter from 0.1' to 2 \xm, (5) 
etching the surface of the aluminum plate chemically, 
and (6) anodizing the surface of the aluminum plate in 
an acidic aqueous solution, to obtain an aluminum sup- 
port for a planographic printing plate excellent in fill-in 
reduction of ink and brush scumming reduction. 
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